Selection criteria
We included randomized controlled trials comparing either fluocinolone acetonide (FA) or dexamethasone intravitreal implants with standard-of-care therapy with at least six months of follow-up after treatment. We included studies that enrolled participants of all ages who had chronic non-infectious posterior uveitis, intermediate uveitis, or panuveitis with vision that was better than hand-motion.
Data collection and analysis
Two review authors independently reviewed studies for inclusion. Two review authors independently extracted data and assessed the risk of bias for each study.
Main results
We included data from two studies (619 eyes of 401 participants) that compared FA implants with standard-of-care therapy. Both studies used similar standard-of-care therapy that included administration of prednisolone and, if needed, immunosuppressive agents. The studies included participants from Australia, France, Germany, Israel, Italy, Portugal, Saudi Arabia, Spain, Switzerland, Turkey, the United Kingdom, and the United States. We assessed both studies at high risk of performance and detection bias.
Only one study reported our primary outcome, recurrence of uveitis at any point during the study through 24 months. The evidence, judged as moderate-quality, showed that a FA implant probably prevents recurrence of uveitis compared with standard-of-care therapy (risk ratio (RR) 0.29, 95% confidence interval (CI) 0.14 to 0.59; 132 eyes). Both studies reported safety outcomes, and moderatequality evidence showed increased risks of needing cataract surgery (RR 2.98, 95% CI 2.33 to 3.79; 371 eyes) and surgery to lower intraocular pressure (RR 7.48, 95% CI 3.94 to 14.19; 599 eyes) in the implant group compared with standard-of-care therapy through two years of follow-up. No studies compared dexamethasone implants with standard-of-care therapy.
Authors' conclusions
After considering both benefits and harms reported from two studies in which corticosteroids implants were compared with standardof-care therapy, we are unable to conclude that the implants are superior to traditional systemic therapy for the treatment of noninfectious uveitis. These studies exhibited heterogeneity in design and outcomes that measured efficacy. Pooled findings regarding safety outcomes suggest increased risks of post-implant surgery for cataract and high intraocular pressure compared with standard-of-care therapy.
P L A I N L A N G U A G E S U M M A R Y

Steroid implants for chronic uveitis not caused by infection Background
Uveitis describes a group of eye diseases caused by inflammation (redness and swelling, etc.) . Uveitis is the fifth most common cause of vision loss in high-income countries, accounting for 5% (1 in 20 cases) to 20% (1 in 5 cases) of blindness, with the disease affecting mostly working-age people. In low-income countries, uveitis accounts for 2.4% (1 in 40 cases) to 24% (1 in 4 cases) of legal blindness. These figures are for all types of uveitis (infectious and non-infectious uveitis), so the prevalence of non-infectious uveitis (the focus of this review) is likely lower than these estimates.
In this review, we were only able to focus on posterior uveitis, which occurs in a region in the back of the eye and may affect the choroid, retina, and/or vitreous. Posterior uveitis alone accounts for approximately 15% to 22% (1 in 4 to 6 cases) of uveitis cases and leads to approximately 10% (1 in 10 cases) of legal blindness in the United States. Posterior uveitis is primarily treated either with systemic (whole body, either by mouth or injection) or local (just near or inside the eye) medications that reduce inflammation, such as steroids. 
Description of the intervention
Corticosteroids are the mainstay acute treatment for all anatomical subtypes of non-infectious uveitis. They can be administered orally, topically with drops or ointments, by periocular (around the eye) or intravitreal (inside the eye) injection, or by surgical implantation (Haupert 2000) . Corticosteroids are immunosuppressant medications that reduce inflammation and macular edema (retinal swelling), a principal cause of reduced vision in uveitis. Treatment of posterior uveitis represents a particular therapeutic challenge because topical steroids rarely reach therapeutic concentrations in the vitreous, thus these patients often require administration of oral corticosteroids or local steroid injection (Jaffe 2006a). These therapeutic modalities may lead to several complications including cataract formation and elevated intraocular (eye) pressure. The systemic morbidity associated with oral steroids includes hyperglycemia (high blood sugar or frank diabetes mellitus), myopathy (muscle damage), secondary infections, impaired wound healing, mental status changes (ranging from mood changes to psychosis), and adrenal suppression (hormone problems). Periocular and intravitreal steroid injections also have limitations: they provide only short-term control, often requiring repeated injections every three to six months to control inflammation, and the injection procedure may be complicated by globe perforation, retinal tears, hemorrhage, endophthalmitis (infection of the eye), ptosis (drooping lid), and fibrosis (Haupert 2000; Jager 2004) . In addition to systemic corticosteroids, systemic immunomodulatory therapies including methotrexate, azathioprine, mycophenolate mofetil, cyclosporine, adalimumab, infliximab, and alkylating agents such as cyclophosphamide are used to treat uveitis. There is currently no standardized algorithm for the use of systemic immunosuppressive therapies for non-infectious uveitis, and most specific agents are being used off-label for this indication. Additionally, many of these therapies can have serious side effects including increased susceptibility to infection and certain types of cancers, as well as bone marrow suppression (low blood counts, poor blood clotting, decreased ability to fight infection). While these therapies require close monitoring, their long-term side effect profiles may be more favorable than corticosteroids. None of these therapies are available for localized administration to the eye, with the exception of cyclosporine, which is approved for dry eye syndrome but not commonly used to treat uveitis. (Haller 2010; Taylor 2010) . There is also a non-biodegradable fluocinolone acetonide implant for diabetic edema (Campochiaro 2010), which has been investigated for posterior uveitis. While such implants may reduce the overall systemic impact of corticosteroids, the increased intraocular exposure may cause higher rates of cataract and glaucoma (Bollinger 2011; Goldstein 2007a; Kempen 2011a; Pavesio 2010a) , and these risks need to be weighed against their potential benefits.
How the intervention might work
Why it is important to do this review
To date, there are no systematic reviews examining the efficacy and safety of steroid implants for controlling posterior uveitis-related inflammation. This review is needed to allow decision makers (policymakers, clinicians, and patients) to weigh the benefits and risks of these therapies in choosing the best option for treatment of uveitis. Furthermore, these implants are expensive (Mohammad 2007) , with the permanent fluocinolone acetonide implant (Retisert) costing approximately USD 18,000.
O B J E C T I V E S
To determine the efficacy and safety of steroid implants in people with chronic non-infectious posterior uveitis, intermediate uveitis, and panuveitis.
M E T H O D S
Criteria for considering studies for this review
Types of studies
We included unpublished and published randomized controlled trials (RCTs) with at least six months of follow-up after treatment.
Types of participants
We included studies that enrolled participants with better than hand-motion vision and history of chronic posterior uveitis, intermediate uveitis, or panuveitis (one eye with history of recurrent non-infectious uveitis affecting the posterior segment for at least one year) requiring systemic corticosteroids for more than one month or multiple sub-Tenon's capsule corticosteroid injections. We included studies with both active and quiescent disease. We excluded RCTs that enrolled participants with infectious uveitis. The participant age inclusion criterion reflects a change from our protocol, in which we proposed to include only studies that enrolled participants 18 years of age or older. We eliminated the age restriction because no studies qualified for our review that used the original inclusion criteria, as discussed in the 'Differences between protocol and review' section.
Types of interventions
We included studies comparing fluocinolone acetonide or dexamethasone intravitreous implants with standard-of-care therapy (for example systemic steroids, intravitreal steroids, disease-modifying antirheumatic drugs). These implants may have been used alongside traditional topical or systemic anti-inflammatory therapies, as long as the dosage was stable at the time of enrollment, reflecting the fact that these medications are used both as monotherapy and add-on therapy.
Types of outcome measures Primary outcomes
The primary outcome was the proportion of participants with a recurrence of uveitis at 6 months. We defined recurrence as any of the following:
• increase in vitreous haze by two or more steps above baseline;
• increase in anterior chamber cell by two or more steps above baseline;
• need to add or increase dose of systemic anti-inflammatory medication to control inflammation.
Secondary outcomes
Secondary outcomes assessed at 6 months included:
1. mean difference in best-corrected distance visual acuity (BCVA) as measured by the Early Treatment of Diabetic Retinopathy Study (ETDRS) chart, Snellen chart, or Snellen equivalent. (If a study used any other visual acuity chart, we would seek and verify justification for its use and validation of the chart compared to the ETDRS/Snellen chart); 2. mean difference in quality of life (mean difference in any validated measures presented, e.g. National Eye Institute Visual Functioning Questionnaire (NEI-VFQ), 36-Item Short Form Health Survey (SF-36));
Adverse events
We assessed the proportion of participants who experienced the following conditions through 24 months:
• cataract formation/progression or surgery;
• elevated intraocular pressure > 10 mmHg over baseline or receiving intervention (eye drops or surgery);
• endophthalmitis;
• retinal tear or retinal detachment;
• systemic adverse events related to steroid or immunomodulatory therapy.
We also evaluated outcomes at times point after 6 months when provided in the source studies and summarized other adverse events reported in the included studies. We were presented with multiple measurements of quality of life and chose to present data measured by NEI-VFQ. When numeric data was not reported, we did not abstract data from figures. 
Searching other resources
We searched the reference lists of included studies to identify any additional studies. We also used Google Scholar, Scopus, and the Science Citation Index Expanded database to identify additional studies that may have cited any studies we included in the review. We searched the online files of meeting abstracts for the following organizations, for years not included in CENTRAL at the time of the searches: American Academy of Ophthalmology, American Academy of Optometry, and Association for Research in Vision and Ophthalmology.
Data collection and analysis
Selection of studies
Two review authors (CJB and ER) independently reviewed the titles and abstracts (when available) of all records identified through the electronic and manual searches. For studies that appeared to meet the inclusion criteria, or for which the information provided in the title and abstract were insufficient for us to make a clear decision, we obtained the full-text reports. Two review authors (CJB and ER) independently assessed the full-text reports to establish whether the studies met the inclusion criteria. We resolved any disagreement at either stage of screening by discussion. All publications from studies meeting the inclusion criteria underwent assessment of risk of bias and data extraction. We recorded studies that were excluded after screening the full-text report or subsequent stages of the review process in the Characteristics of excluded studies table, with reasons for exclusion documented.
Data extraction and management
Two review authors (CJB and JT) independently extracted the data for study design, participant characteristics, and the primary and secondary outcomes onto electronic data collection forms developed in collaboration with the Cochrane Eyes and Vision Group. We resolved discrepancies by discussion. We contacted authors of included studies for missing data. One review author (CJB) entered all data into RevMan 5 (RevMan 2014). For each study we recorded the following:
• year of publication, country from which participants were recruited, and source of study funding;
• details of the participants, including demographic characteristics and criteria for inclusion;
• details of the type of intervention;
• details of the outcomes reported, including method of assessment and time intervals.
Assessment of risk of bias in included studies
Two review authors (CJB and JT) independently assessed the risk of bias of included studies as part of the data extraction process. We followed the tool for assessing risk of bias set out in Chapter 8 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We examined seven main criteria:
1. sequence generation; 2. allocation concealment before randomization; 3. masking of participants and study personnel; 4. masking of outcome assessors; 5. incomplete outcome data; 6. selective outcome reporting; and 7. funding source other sources of bias. We judged whether each study met the respective criterion and categorized the studies as being at "high risk of bias" (plausible bias that seriously weakens confidence in the results), "low risk of bias" (plausible bias unlikely to seriously alter the results), and "unclear risk of bias" (lack of information or uncertainty over the potential for bias). We resolved disagreements through discussion, involving a third review author as an adjudicator as appropriate.
Measures of treatment effect
Continuous data
For continuous outcomes (visual acuity and quality of life), we expressed the estimates of treatment effects as mean differences in the mean change from baseline to follow-up between interventions with 95% confidence intervals.
Dichotomous data
For dichotomous outcomes, we expressed the estimates of treatment effects as summary risk ratios with 95% confidence intervals. These outcomes included the recurrence of posterior uveitis, intermediate uveitis, or panuveitis; elevated intraocular pressure requiring intervention; need for additional therapeutic modalities to control inflammation; cataract formation; cataract extraction; endophthalmitis; retinal tear or retinal detachment; other ocular complications of uveitis and of therapy; and potential systemic complications of therapy.
Unit of analysis issues
The unit of analysis was a single eye for the majority of outcomes: recurrence rate of posterior uveitis, intermediate uveitis, or panuveitis; visual acuity; elevated intraocular pressure requiring intervention; reduction of cystoid macular edema; need for additional therapeutic modalities to control inflammation; cataract formation; cataract extraction; endophthalmitis; retinal tear or retinal detachment. The unit of analysis was the person for quality of life outcomes and potential systemic complications of therapy.
Dealing with missing data
We attempted to contact study investigators for any missing data. As study investigators did not respond, in Pavesio 2010, or were not able to provide any additional data, in Kempen 2011, we extracted data as available from the published report. We did not impute data for the purposes of this review.
Assessment of heterogeneity
We assessed the included studies for both clinical and methodological diversity and present any variability identified in the text. We assessed statistical heterogeneity using the I 2 statistic. We considered an I 2 statistic greater than 50% to indicate substantial statistical heterogeneity. We took into account clinical, methodological, and statistical heterogeneity when considering meta-analysis.
Assessment of reporting biases
We assessed selective outcome reporting by comparing the outcomes specified in the methods section of the study report with the data that were reported in the study results. If in updates of this review 10 or more studies are included, we plan to use a funnel plot to evaluate for publication bias.
Data synthesis
Data analysis followed the guidelines set out in Chapter 9 of the Cochrane Handbook for Systematic Reviews of Interventions (Deeks 2011). We calculated a summary risk ratio for dichotomous outcomes and a summary mean difference for continuous outcomes. Since there was a small number of studies in the analysis (two), we used the fixed-effect model.
Subgroup analysis and investigation of heterogeneity
We did not conduct subgroup analyses due to the small number of included studies and methodologic heterogeneity.
Sensitivity analysis
We did not conduct sensitivity analyses due to the small number of included studies and methodologic heterogeneity.
Summary of findings
We provided a 'Summary of findings' table, which includes the assumed risk and corresponding risk for relevant outcomes based on the risk across control groups in the included studies. We graded the overall quality of the evidence for each outcome using the GRADE classification (www.gradeworkinggroup.org/). We assessed the quality of evidence for each outcome as "high," "moderate," "low." or "very low" according to the following criteria as described in Chapter 12 of the Cochrane Handbook for Systematic Reviews of Interventions (Schünemann 2011):
1. High risk of bias among included studies. 2. Indirectness of evidence. 3. Unexplained heterogeneity or inconsistency of results. 4. Imprecision of results (i.e. wide confidence intervals). 5. High probability of publication bias.
R E S U L T S Description of studies
Results of the search
We retrieved 3318 records from the electronic database search as of 6 November 2015. We identified an additional 124 records from other sources ( Figure 1 ). After removing duplicates, we screened 2741 unique records and excluded 2684. Fifty-seven records underwent full-text review, and 45 studies (46 full-text reports) were excluded for the reasons listed in the Characteristics of excluded studies table. We included two studies from 11 full-text reports.
We did not identify any other relevant studies for this review by searching reference lists or the Science Citation Index (as of 1 December 2015) . 
Included studies
We have provided a detailed description of the individual included studies in the Characteristics of included studies table. We have summarized the study characteristics in the following sections.
Types of participants
Both included studies enrolled participants with a clinically similar diagnosis of non-infectious posterior uveitis, but with slightly different study populations: Pavesio and colleagues enrolled participants who had clinically quiet non-infectious posterior uveitis, while Kempen and colleagues enrolled participants who had active non-infectious posterior uveitis in the study eye at the time of randomization. Together the included studies enrolled 401 participants from Australia, France, Germany, Israel, Italy, Portugal, Saudi Arabia, Spain, Switzerland, Turkey, the United Kingdom, and the United States; Pavesio 2010 enrolled 255 participants and Kempen 2011 enrolled 146 participants. Participants in the two studies were similar in age (mean age of about 40 years), visual acuity, and baseline intraocular pressure. However, Kempen 2011 (75.0%) had a higher percentage of women than Pavesio 2010 (58.2%). Both Pavesio 2010 and Kempen 2011 included participants with unilateral disease and asymmetric bilateral disease. For participants with unilateral disease, the affected eye was the study eye. However each study handled participants with bilateral disease differently; for Pavesio 2010 the study eye was the more severely affected eye, compared with Kempen 2011 where both eyes were study eyes. Pavesio 2010 did not report the percentage of participants with asymmetric bilateral disease. In Kempen 2011, the percentage of participants with asymmetric bilateral disease was 90% and 46% for FA implant group and standard-of-care therapy group, respectively.
Types of interventions
Both studies used 0.59 mg fluocinolone acetonide (FA) intravitreal implant as their intervention group and had similar standard-ofcare therapy comparison groups. See Characteristics of included studies for each study's description of the standard-of-care therapy used.
Types of outcomes
Primary outcomes
Pavesio and colleagues were the only study investigators who reported on our primary outcome, recurrence of uveitis. However, the authors did not report the outcome at 6 months post-treatment, but at 12 and 24 months post-treatment. We assessed the primary outcome at 12 and 24 months post-treatment.
Secondary outcomes
Kempen and colleagues did not report mean change in BCVA from baseline at 6 months, but reported it at 12 and 24 months post-treatment. Pavesio and colleagues reported the proportion of participants with a visual acuity improvement (more than 15 letters on Early Treatment Diabetic Retinopathy Study charts from baseline), but did not report the distance between the participants and the charts during the visual acuity assessment. We therefore could not combine the data. See Table 1 .
Only the Kempen study reported on quality of life outcomes. The study used two different instruments to measure quality of life; the National Eye Institute Visual Functioning Questionnaire (NEI-VFQ) and the Short Form (36) Health Survey (SF-36). Data were presented as mean changes from baseline to 12 months and 24 months. We decided to present the results of NEI-VFQ as it was the relevant to review's objective and because the results from the SF-36 were reported separately for the mental and physical components.
Adverse events
Both included studies reported on two key adverse events: the number of participants receiving cataract surgery and the number of participants requiring intraocular pressure-lowering surgery. Other adverse events reported by Kempen and colleagues were: hyperlipidemia diagnosis requiring treatment (cumulative over 24 months), hypertension diagnosis requiring treatment (cumulative through 24 months), diabetes mellitus (cumulative through 24 months), osteoporosis (cumulative through 24 months), white blood cell count less than 2500/microliter (cumulative through 24 months), elevated liver enzymes (cumulative through 24 months), cancer diagnosis through 24 months, and death through 24 months. The Pavesio study reported pooled non-ocular adverse events through 24 months. 
Excluded studies
Risk of bias in included studies
We have presented the 'Risk of bias' assessment for the two included studies in Figure 2 . 
Allocation
We assessed both studies at a low risk of selection bias as they reported adequate random sequence generation and concealment of treatment allocation. Pavesio 2010 study used a voice response system, while Kempen 2011 study used a website.
Masking (performance bias and detection bias)
The intervention group was surgically implanted steroid device, and the comparison group was standard-of-care therapy. Both studies were thus unable to mask participants and personnel to which treatment groups each participant was in. We assessed both studies at high risk of performance and detection bias for this reason.
Incomplete outcome data
While "as-randomized" or "intention-to-treat" analyses were performed in each study, we assessed the risk of bias as unclear, as there was uncertainty whether the reasons participants did not complete the final visit was associated with the review outcome; 6.4% of participants did not complete the final visit in the Pavesio 2010 study, and 9% of participants did not complete the final visit in the Kempen 2011 study.
Selective reporting
The Kempen 2011 study was registered and all outcomes defined in the trial registry was reported in the full-text reports. The Pavesio 2010 study was not registered and the study protocol was not available for comparison. Therefore, we assessed the risk of reporting bias for Kempen 2011 study and the Pavesio 2010 study to be at low and unclear risk of bias, respectively.
Other potential sources of bias
We assessed Pavesio 2010 to be at high risk of funding bias because several of the authors were employees of the sponsor, and the lead author was a consultant for the sponsor. The authors did not make any statement about the role of the sponsor in study design, data analysis, interpretation, decision to publish, or manuscript preparation. We assessed the Kempen 2011 study at unclear risk of bias because the manufacturer of the steroid implant used provided support in the form of implants for participants who would otherwise not have access to the implants due to lack of insurance or regulatory approval in their country.
Effects of interventions
See: Summary of findings for the main comparison
Primary outcome Recurrence of uveitis
None of the included studies reported the primary outcome at 6 months. Only one of two included studies reported on the primary outcome at 24 months, therefore we did not perform a pooled analysis and we report the study results as a narrative. Pavesio 2010 reported that the risk of recurrence of uveitis at any point during the study through 24 months was 71% lower in the FA implant group (23 of 61 eyes) compared with the standard-ofcare therapy group (48 of 71 eyes) (risk ratio (RR) 0.29, 95% confidence interval (CI) 0.14 to 0.59). The study authors also presented results of an alternative definition of recurrence, use of systemic medication and number of medications participants with FA implant received as part of incorrect or delayed tapering of uveitis medications, and showed a greater reduction (87%) in the risk of recurrence of uveitis in the FA implant group (12 of 61 eyes) compared with the standard-of-care therapy group (47 of 71 eyes) (RR 0.13, 95% CI 0.06 to 0.28). We judged the quality of the evidence for this outcome to be moderate, downgraded for high risks of bias in the study (-1).
Secondary outcomes Best-corrected visual acuity (BCVA)
Only the Kempen study reported on the change in BCVA as measured by logMAR chart. The authors did not report the number of participants analyzed in the FA implant group and standardof-care therapy group, but they did report the between-group estimates. The Kempen study was powered to detect a difference of 7.5 letters (standard deviation (SD) = 16) with a power of 91% and sample size of 250 participants. It is uncertain whether FA implant increases the number of letters read compared with the standard-of-care therapy group, and the differences in improvement were at or below the threshold of minimally important differences detected by this instrument.
We judged the quality of the evidence for visual acuity outcomes to be moderate, downgraded for high risks of bias in the study (-1).
Mean change in quality of life
Only the Kempen study reported on the mean change in quality of life. The study reported the between-group estimates and did not report the number of participants analyzed in each group. At 12 months, the mean change from baseline NEI-VFQ for the FA implant group was 12.13 (SD = 1.60) compared with the standard-of-care therapy group, which was 4.86 (SD = 1.38) ( Table 1 MD 7.29, 95% CI 3.11 to 11.42; positive value favoring implant; 235 eyes). The differences in change in NEI-VFQ were at or below the threshold of minimally important differences detected by this instrument. At 24 months, the mean change from baseline NEI-VFQ for the FA implant group was 11.44 (SD = 1.67) compared with the standard-of-care therapy group, which was 6.80 (SD = 1.58) ( Table  1 MD 4.64, 95% CI 0.14 to 9.15; positive value favoring implant; 232 eyes). The differences in change in NEI-VFQ were at or below the threshold of minimally important differences detected by this instrument.
We judged the quality of the evidence for quality of life outcomes to be moderate, downgraded for high risks of bias in the study (-1) . Both studies did not report on the following secondary outcomes: mean change in cystoid macular edema and the proportion of participants that required additional therapeutic modalities to control inflammation.
Adverse events
Both studies reported adverse events, and we performed a pooled analysis. We have presented two important adverse events in Figure  3 and Figure 4 . Both included studies only reported cumulative adverse events through 24 months' follow-up. 
Cataract formation or progression
Moderate-quality evidence showed that the risk of cataracts forming or progressing within two years in the FA implant group was about three times the risk compared with standard-of-care therapy (Analysis 1.1; RR 2.71, 95% CI 2.06 to 3.56; 210 eyes; I 2 = 80%). We did not downgrade for risk of performance and detection bias because the outcome measurement was not likely to be influenced by lack of masking. We downgraded for high risk of funding bias (-1).
Cataract surgery
Moderate-quality evidence showed that the risk of receiving cataract surgery within two years in the FA implant group was about three times the risk compared with standard-of-care therapy (Analysis 1.2; RR 2.98, 95% CI 2.33 to 3.79; 371 eyes; I 2 = 70%). We did not downgrade for risk of performance and detection bias because the outcome measurement was not likely to be influenced by lack of masking. We downgraded for high risk of funding bias (-1).
Elevated intraocular pressure > 10 mmHg over baseline or receiving intervention (eye drops or surgery)
Moderate-quality evidence showed that the risk of elevated intraocular pressure > 10 mmHg over baseline or receiving intervention (eye drops or surgery) in the FA implant group was more than 3 times the risk with standard-of-care therapy (Analysis 1.3; RR 3.64, 95% CI 2.71 to 4.87; 605 eyes; I 2 = 25%). We did not downgrade for risk of performance and detection bias because the outcome measurement was not likely to be influenced by lack of masking. We downgraded for high risk of funding bias (-1).
Endophthalmitis
While there were more cases of endophthalmitis in the FA implant group in the Pavesio report, the very low quality evidence show that it is uncertain whether FA implant increased the risk of endophthalmitis (Analysis 1.4; RR 7.30, 95% CI 0.91 to 58.72; 607 eyes; I 2 = 0%). We downgraded for high risk of bias (-1), high risk of funding bias (-1), and imprecision of results (-1).
Retinal tear or retinal detachment
The very low quality evidence shows that it is uncertain whether FA implant causes retinal tears or retinal detachment (Analysis 1.5; RR 2.07, 95% CI 0.51 to 8.40; 606 eyes; I 2 = 44%). We downgraded for high risk of bias (-1), high risk of funding bias (-1), and imprecision of results (-1).
Intraocular pressure-lowering surgery
Moderate-quality evidence showed that the risk of requiring intraocular pressure-lowering surgery within two years in the FA implant group was seven times the risk with standard-of-care therapy (Analysis 1.6; RR 7.48, 95% CI 3.94 to 14.19; 599 eyes; I 2 = 0%). We did not downgrade for risk of performance and detection bias because the outcome measurement was not likely to be influenced by lack of masking. We downgraded for high risk of funding bias (-1).
Hypotony
The risk of hypotony through two years' follow-up in the FA implant group was twice the risk with standard-of-care therapy (Analysis 1.7; RR 2.27, 95% CI 1.24 to 4.14; 586 eyes; I 2 = 81%). The quality of the evidence was very low, downgraded for high risk of bias of performance and detection bias (-1), high risk of funding bias (-1), and imprecision of results (-1).
Systemic adverse events related to steroid or immunomodulatory therapy
The two studies reported non-ocular adverse events differently, and thus we could not pool the data. Pavesio 2010 reported that the risk of adverse event was similar in the FA implant (60.6%) compared with the standard-of-care therapy group (67.6%), although none of the events reported in the FA implant group were deemed to be related to the treatment assignment, as compared with 25.7% of the events that were felt to be related to treatment in the standard-of-care therapy group. Kempen 2011 reported the rate of infection requiring prescription therapy to be lower in the FA implant group compared with the standard-of-care therapy group (0.36 versus 0.60 events per person-year, respectively; P = 0.034), but found the rate of hospitalizations did not differ (0.13 versus 0.17 hospitalizations per person-year, respectively; P = 0.35). The risk of hypertension was lower in the FA implant group compared with standard-of-care therapy group (13% versus 27%, respectively; hazard ratio = 0.44, P = 0.030), but the rate of starting antihypertensive therapy did not differ (5% versus 11%; hazard ratio = 0.40, P = 0.13).
D I S C U S S I O N
Summary of main results
After considering both benefits and harms reported from two randomized trials in which corticosteroid implants were compared with standard-of-care therapy in 401 participants with mean age approximately 40 years, we are unable to conclude that the implants are superior to traditional systemic therapy for the treatment of non-infectious uveitis (Summary of findings for the main comparison). Each study individually concluded that corticosteroid implants can be considered a reasonable alternative to standard-of-care therapy, but the pooled data do not support (or refute) their conclusion. Pavesio 2010 was an industry-sponsored study that included participants whose uveitis was required to be inactive at the time of study entry. Their outcome of interest was therefore recurrence of uveitis signs or symptoms. The Kempen 2011 study was a National Eye Institute-sponsored randomized controlled trial of people with active uveitis in which the primary outcome was the change in BCVA. Due to heterogeneity in the design of the studies and outcome measures assessed, we could not combine the results for the primary and secondary outcomes of this review. As a result, the evidence for or against the use of corticosteroid implants in the treatment of non-infectious uveitis is limited.
Since the safety endpoints were similar in the two studies, we pooled the data for these adverse events (Analysis 1.1 to Analysis 1.7). These analyses concluded that cataract formation/progression, cataract surgery, elevated intraocular pressure, intraocular pressure-lowering surgery, hypotony, retinal detachment, and endophthalmitis were more common in the FA implant group than the standard-of-care therapy group. While this result is not unexpected, clinicians may cautiously find some value in the updated risk ratios for each adverse event afforded by the pooled analysis. Reasons for excluding several studies of corticosteroid implants for uveitis from the review are described in the Characteristics of excluded studies table. We excluded many studies because they were not randomized controlled trials or did not compare corticosteroid implants with standard-of-care therapy. Most notably, none of the studies of the dexamethasone intravitreal implant met our inclusion/exclusion criteria. The principal report from these studies, Lowder 2011b, compared the dexamethasone implant with sham injection, not to standard-of-care therapy, which was an inclusion criterion for our review.
Overall completeness and applicability of evidence
The two studies included in our review investigated the comparative effectiveness of FA implants against standard-of-care therapy. We found no conclusive evidence showing whether FA implants is superior to standard-of-care therapy in preventing the recurrence of uveitis. We evaluated no other steroid implants. The two included studies did not distinguish between posterior uveitis, panuveitis, and intermediate uveitis. The applicability to a non-European and minority population in the United States is limited.
Quality of the evidence
We downgraded outcomes in this review due to funding bias, imprecision of results, and high risk of bias in individual studies. Specifically, we assessed both studies at high risk of performance and detection bias. The nature of the study question (comparing a steroid implant with systemically administered medications) is certainly problematic from a masking perspective.
Potential biases in the review process
We used standard Cochrane methodological procedures in order to minimize potential biases in the review process. We reported all outcomes that were specified in the protocol for this review or reported that no data were available for specified outcomes.
Agreements and disagreements with other studies or reviews
Our search identified several review articles discussing the use of corticosteroid implants in the treatment of non-infectious posterior uveitis, but we did not find any other systematic reviews with which to compare our results.
A U T H O R S ' C O N C L U S I O N S Implications for practice
In the absence of any substantial newly synthesized evidence for or against the use of corticosteroid implants for non-infectious uveitis, we are unable to conclude that the implants are superior to standard-of-care therapy for the treatment of non-infectious uveitis. These studies exhibit heterogeneity in design and outcomes measured. Taken together, clinicians and patients will need to anticipate the possibility of an increased risk of post-implant surgery for cataract and high intraocular pressure.
Implications for research
The paucity of data this review identified using the prespecified inclusion/exclusion criteria, and our inability to perform pooled efficacy analyses indicate that there is a distinct need for further studies of corticosteroid implants for non-infectious posterior uveitis. Researchers may want to devise research questions that allow for incorporation of study design elements from previously conducted studies to better permit pooled analyses/meta-analyses, such as:
• better measures that are standardized (e.g. recurrence of uveitis);
• homogenous comparators (comparing fluocinolone acetonide or dexamethasone intravitreous implants with standard-of-care therapy);
• extending to various types of uveitis (e.g. chronic posterior uveitis, intermediate uveitis, panuveitis); and
• standardizing standard-of-care therapy (e.g. systemic steroids, intravitreal steroids, disease-modifying antirheumatic drugs) given the heterogeneity of individual therapies, combination regimens and their attendant adverse event profiles.
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C H A R A C T E R I S T I C S O F S T U D I E S Characteristics of included studies [ordered by study ID]
Kempen 2011
Methods
Study design: parallel-group, randomized controlled trial . Active uveitis of a degree for which systemic corticosteroid therapy is indicated in the judgment of a MUST-certified ophthalmologist or such uveitis active within the last 60 days as determined either by examination by a MUST-certified ophthalmologist or by review of ophthalmic medical records by a MUST-certified ophthalmologist 4. Uveitis with or without an associated systemic disease is acceptable; however, the systemic disease must not be sufficiently active that it dictates therapy with oral corticosteroids or immunosuppressive agents at the time of study entry 5. Best-corrected visual acuity of hand movements or better in at least 1 eye with uveitis 6. Baseline intraocular pressure of 24 mm Hg or less in all eyes with uveitis 7. Collection of required baseline data within 10 days before randomization 8. Signed informed consent" Exclusion criteria: "1. Use of a fluocinolone acetonide implant within the last 3 years 2. Diabetes mellitus that is inadequately controlled, according to best medical judgment 3. A known allergy to a required study medication 4. Uncontrolled glaucoma 5. Advanced glaucomatous optic nerve injury meeting the following criteria: (1) for patients able to undertake a Humphrey visual field analysis, depression of 2 points or more within 10 degrees of fixation by at least 10 dB, mean deviation worse than -15 dB, or both; (2) for patients unable to undertake a Humphrey visual field analysis, vertical cup-to-disc ratio [1] 0.9 6. A history of scleritis (because of concerns regarding the potential for scleral melting with local corticosteroid therapy) 7. Presence of an ocular toxoplasmosis scar 8. Pregnancy 9. Current breastfeeding 10. Known human immunodeficiency virus infection or other immunodeficiency disease for which corticosteroid therapy would be contraindicated according to best medical judgment 11. Patients for whom participation in the trial would constitute a risk exceeding the potential benefits of study participation, in the judgment of the treating physician 12. Medical problems or drug or alcohol dependence problems sufficient to prevent adherence to treatment and study procedures" Participants with unilateral and asymmetric bilateral disease were included: For participants with unilateral disease, the affected eye was the study eye. For participants with asymmetric bilateral disease, both eyes were study eyes Interventions FA implant: surgical FA implant (0.59 mg) placement Standard-of-care: "systemic therapy following expert guidelines" "Most cases had active inflammation at baseline and received 1 mg/kg/day up to 60 mg/day of prednisone until either the uveitis was controlled or 4 weeks had elapsed. After control was achieved, prednisone was tapered per study guidelines. Cases already suppressed at baseline began by tapering from their initial prednisone dose. Immunosuppression was indicated for (1) failure to initially control inflammation using corticosteroids; (2) corticosteroid-sparing in cases consistently reactivating before reaching a prednisone dose of 10 mg/day; and (3) specific high-risk uveitis syndromes. When indicated, clinicians selected the approved immunosuppressant most suitable for each patient; administration and monitoring for toxicity followed guidelines.8 Uveitis experts regularly monitored treatment regimens for protocol compliance at site visits." P1917 General procedures: ophthalmologic examination Outcomes Primary outcome: change in best-corrected visual acuity from baseline Secondary outcome(s): patient-reported quality of life, ophthalmologist-graded uveitis activity, and local and systemic complications of uveitis or therapy Other outcomes(s): hyperlipidemia diagnosis requiring treatment, cumulative over 24 months, hypertension diagnosis requiring treatment, cumulative through 24 months, diabetes mellitus, cumulative through 24 months, osteoporosis, cumulative through 24 months, white blood cell count < 2500/microliter, cumulative through 24 months, elevated liver enzymes, cumulative through 24 months, elevated creatinine, cumulative through 24 months, cancer diagnosis through 24 months, death through 24 months Measurements taken: outcomes assessed at 1 month after enrollment, 3 months after enrollment, and then at 3-month intervals until 24 months Unit of analysis: mix of individuals and eyes (one eye of 31 participants (12%) and both eyes of 224 participants (88%), respectively, were study eyes) Sample size calculation: "By assuming bilateral disease in 67% of patients, a between eye correlation of 0.4, a standard deviation of 16 letters' change over 2 years, and a 2-sided type 1 error rate of 0.05, a sample size of 250 provided 91% power (assuming 10% crossover) Allocation concealment (selection bias) Low risk "After data entry confirmed a subject's eligibility and stratum, the study Web site revealed the next treatment assignment." P1917
Masking of participants and personnel (performance bias)
High risk "Study-certified visual acuity examiners measured best-corrected visual acuity as the number of letters read from standard logarithmic visual acuity charts; 14 change in this measure from baseline to 24 months was the primary outcome." P1917 "Other than at the 1-and 3-month visits, when postoperative signs were expected to be visible, visual acuity examiners were masked." P1917 "Secondary outcomes included patient-reported quality of life, ophthalmologistgraded uveitis activity, and local and systemic complications of uveitis or therapy. Reading Center graders and glaucoma specialists assessing ocular complications were masked. Participants, ophthalmologists, and coordinators were unmasked." P1916
Masking of outcome assessment (detection bias)
Incomplete outcome data (attrition bias) All outcomes
Unclear risk "Among patients randomized, 232 (435 eyes with uveitis; 91%) completed visual acuity measurement at the 24-month follow-up visit. Overall, 4415 of 4790 study visits (92%) were completed for the primary outcome through 24 months." P1919 "Analyses were conducted 'as randomized. '" P1918
Selective reporting (reporting bias) Low risk All outcomes defined in trial registry were reported.
Other bias Unclear risk The study was federally funded, although the device manufacturer "Bausch & Lomb provided support to the study in the form of donation of fluocinolone implants for patients randomized to implant therapy who were uninsured or otherwise unable to pay for implants, or were located at a site where implants could not be purchased (e.g., in the United Kingdom)." P1926 "A representative of the National Eye Institute participated in the conduct of the study, including the study design and the collection, management, analysis, and interpretation of the data, and in the review and approval of this manuscript." P1926
Pavesio 2010
Methods • "Quiet eyes at the time of treatment. Only eye randomized to implant had to be quiet at the time of surgery. Treatment with either ≥ 0.2 mg/kg daily prednisolone equivalent or ≥ 0.1 mg/kg daily prednisolone equivalent immunosuppressant at the time of randomization was required.
• Male or non-pregnant female aged ≥ 6 years • ≥ 1-year history of recurrent or recrudescent unilateral or asymmetric NIPU not associated with significant systemic activity of any underlying disease
• More severely affected eyes with ≥ 2 separate recurrences of NIPU and the last episode occurring within 8 months of enrolment
• More severely affected eyes were treated with systemic therapy for ≥ 1 month: ≥ 0.2 mg/kg daily prednisolone equivalent (≥ 10 mg/kg daily for participants > 50 kg) or ≥ 0.1 mg/kg daily prednisolone equivalent if steroids were given with ½ of the following immunosuppressive agents:
• cyclosporine A, methotrexate • cyclophosphamide, tacrolimus • mycophenolate mofetil, azathioprine • Less severely affected eyes with:
• VA of ≥ 0.7 logMAR (6/30)
• Uveitis requiring only periocular injections or no therapy • Study eyes at time of enrolment:
• VA of ≥ 1.4 logMAR (6/150) • ≤ 10 anterior chamber cells/high-power field and a vitreous haze grade ≤ 2" Exclusion criteria: [if this is copied text, need quotes]
• "History of retinal detachment, retinoschisis in the area of implantation • Media opacity precluding evaluation of the retina and vitreous • Presence or history of uncontrolled IOP while receiving steroid therapy resulting in loss of vision
• IOP > 25 mmHg requiring at least 2 antiglaucoma medications to be reduced to < 25 mmHg
• Known allergy or contraindication to fluocinolone acetonide, systemic corticosteroids, or immunosuppressive agents
• Chronic use of such agents to manage nonocular disease • History of NIPU only or iritis only with no vitreitis, macular edema, vitreous cells, or vitreous haze
• Infectious cause • Vitreous haemorrhage or a toxoplasma scar in the study eye • Ocular surgery, trauma affecting the study eye, or both within 3 months before enrolment, or trabeculoplasty or yttrium-aluminum-garnet laser within 1 month of enrolment
• Monocularity for reasons other than uveitis • Positive human immunodeficiency virus test results, pregnancy or lactation • Potential for noncompliance, or participation in other clinical studies within 1 month of enrolment" Participants with unilateral and asymmetric bilateral disease were included: For participants with unilateral disease, the affected eye was the study eye. For participants with asymmetric bilateral disease, the study eye was the more severely affected eye
Interventions
FA implant: surgical implantation of 0.59 mg FA in vitreous cavity Standard-of-care: standard-of-care systemic management of uveitis "The SOC group received prednisolone or an equivalent corticosteroid alone, or an immunosuppressive agent was added to the therapy and the corticosteroid dose was reduced. Levels considered acceptable for therapy with steroids alone were 0.2 mg/kg daily (or 15 mg/day for the average weight). When inflammation could not be controlled with this level of corticosteroid, immunosuppressive agents were added. With the use of an immunosuppressive agent, the objective was to reduce steroid use to 0.1 mg/kg daily of prednisolone equivalent after 4 to 6 weeks of combination therapy. Approved immunosuppressants included cyclosporine A, methotrexate, cyclophosphamide, mycophenolate mofetil, azathioprine, and tacrolimus. If an immunosuppressive agent was not recommended, subjects were managed by maintaining systemic steroids at a higher level (0.2 mg/kg daily of prednisolone equivalent) or by increasing the steroids in case of inflammation. This regimen was followed by a slow taper to a minimal dose of 0.2 mg/ kg daily (10 mg/day for subjects whose weight was 50 kg). After 6 months, if the disease was controlled, the treatment doses were tapered according to the standard guideline of each investigational site." P569 General procedures: ophthalmic examination Outcomes Primary outcomes: time to first recurrence of uveitis occurring in the 24 months after randomization for the standard-of-care group and time to first recurrence of uveitis in the study eye in the 24 months after the week 12 visit for the implant group Secondary outcomes:
• Percentage of participants with at least 1 recurrence • Number of recurrences per participant • Number of recurrences compared with the number that occurred during the 52 weeks before enrollment
• Proportion of participants with a VA improvement (> 15 letters on Early Treatment Diabetic Retinopathy Study charts from baseline)
• If cystoid macular edema present, the change in the size of the area of cystoid macular edema on fluorescein angiography Measurements taken, specify intervals at which outcomes assessed: Participants were assessed monthly for 3 months, bimonthly for 6 months, and then every 3 months for the second year of the study Unit of analysis: individual (one eye per participant) Sample size calculation: "A sample size of 75 subjects per treatment was determined to have 85% power to detect a difference with respect to the primary end point in a 2-tailed test (0.05)."
Pavesio 2010 (Continued)
Random sequence generation (selection bias)
Low risk "Subjects were allocated to receive either an implant or standardized therapy as determined by a randomization code with treatment randomization numbers assigned by a centrally administered randomization procedure." P569 Allocation concealment (selection bias) Low risk "Treatment allocation was masked to both the investigator and the subject through the use of an interactive voice response system that informed the investigator of the treatment group only after confirmation of inclusion of the subject." P569 Incomplete outcome data (attrition bias) All outcomes
Unclear risk "Six subjects randomized to the FA implant group discontinued before receiving treatment because of administrative problems, consent withdrawal, or AEs and were excluded from the intent-to-treat population. " P570. Data for all other participants was included "All randomized subjects who underwent at least 1 assessment after randomization were included in the intent-to-treat population, and all efficacy and safety summaries were based on the intent-to-treat populations. Data from the per-protocol population also were analyzed for most outcome measures. " P570 
S O U R C E S O F S U P P O R T Internal sources
• Johns Hopkins University, USA.
• Mid Atlantic Retina, Wills Eye Hospital, USA.
• Schroeder Institute for Tobacco Research and Policy Studies, Legacy, USA.
• Associated Retinal Consultants, Phoenix, Arizona, USA.
• University Hospitals Eye Institute, University Hospitals Eye Institute/Case Western Reserve University, USA.
External sources
• The Cochrane Eyes and Vision US Project, which is funded by Grant 1 U01 EY020522, National Eye Institute, National Institutes of Health, USA.
• National Institute for Health Research (NIHR), UK.
• Richard Wormald, Co-ordinating Editor for Cochrane Eyes and Vision (CEV) acknowledges financial support for his CEV research sessions from the Department of Health through the award made by the National Institute for Health Research to Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of Ophthalmology for a Specialist Biomedical Research Centre for Ophthalmology.
• The NIHR also funds the CEV Editorial Base in London.
The views expressed in this publication are those of the authors and not necessarily those of the NIHR, NHS, or the Department of Health.
D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W
In our protocol design phase, an age criterion greater than or equal to 18 years was created for practical reasons. In our initial fulltext review, no studies qualified for inclusion in our review due to this exclusion of participants younger than 18 years. We felt the differences in the disease states and response to treatment of those 17 or younger who would otherwise qualify for the review would not be systematically different from adults, and would not limit the generalizability of the review results. We therefore made the decision to eliminate the age requirement.
In future revisions of the review, we plan to perform a subgroup analyses by age. For the current version of the review, we contacted study authors, but were unable to obtain separate data for those under 18 and those over 18, therefore we were not able to perform a subgroup analysis. Should study authors of future studies provide separate data for those age under 18 and those over 18 years, we will perform a subgroup analysis.
In our protocol we also stated that we will not pursue meta-analysis of the selected studies when the I 2 statistic was greater than 50% (substantial heterogeneity). We wanted to clarify that our initial intentions did not account for clinical and methodological heterogeneity. Because we determined that the two included studies were clinical and methodologically similar, we combined data in meta-analysis even when the I 2 statistic was greater than 50%.
There was insufficient data to conduct a subgroup analyses by clinical heterogeneity. We defined clinical heterogeneity by types of participants (i.e., baseline vision, baseline intraocular pressure, duration of prior therapy and diagnosis), interventions and outcomes in each study. We will perform a subgroup analyses by clinical heterogeneity when there are sufficient data.
We were unable to conduct sensitivity analyses to determine the impact of exclusion of studies with lower methodological quality, including exclusion of industry-funded studies and unpublished studies as there were too few included studies. When more studies are included in future versions of this review and appropriate, we plan to conduct sensitivity analyses.
We also analyzed outcome data at 12 and 24 months rather than the prespecified six months, because this matched the primary outcomes of the two included studies. We felt this permitted a more relevant point of comparison for these two therapies, especially because many of the side effects of interest (for example cataract) are expected to take time to develop.
